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ELECTROSTATIC DISCHARGE PROTECTION DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to an 
electrostatic discharge protection device. In particular, the 
present invention relates to a device that adjusts the condition 
of the discharging device to enhance discharge efficiency when 
an ESD event is detected. 

Description of the Related Art 

Electrostatic discharge (ESD) is a common phenomenon that 
occurs during handling of semiconductor integrated circuit (IC) 
devices. Electrostatic charges may accumulate and cause 
potentially destructive effects on an IC device. ESD stress 
typically occurs during the testing phase of IC fabrication, 
during installation of the IC onto a circuit board, as well as 
during use of equipment into which the IC has been installed. 
Damage to a single IC due to poor ESD protection in an electronic 
device can partially, or sometimes completely, hamper its 
operation. 

There are several ESD stress models based on the 
reproduction of typical discharge pulses to which the IC may be 
exposed during manufacturing or handling. Three standard 
models, known as the Human Body Model (HBM) , Machine Model (.MM) , 
and Charged Device Model (CDM) have been proposed. The 
human-body model is set forth in U.S. Military Standard 
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MIL-STD-883, Method 3015.6. The military standard models the 
electrostatic stress produced on an IC device when a human 
carrying electrostatic charges touches the lead pins of the IC 
device. The machine model is set forth in Industry Standard 
5 EIAJ-IC-121, and describes the electrostatic stress produced on 
an IC device when a machine carrying electric charges contacts 
the lead pins of the IC device. The charged device model 
describes the ESD current generated when an IC already carrying 
electric charges is grounded when being handled. 
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FIG. 1 is a block diagram according to the conventional 
electrostatic discharge protection device. The semiconductor 
device comprises an internal circuit 30 and pad 10, and an 
electrostatic discharge protection device 20 (take as ESD 
15 device, hereinafter ) is set up between the internal circuit 3 0 
and pad 10 to prevent ESD event. 

ESD device 20 ■ comprises an I/O buffer circuit 22, a 
pre-driver N circuit 24 , a pre-driver P circuit 25 , and switching 

20 circuits 26 and 27. I/O buffer circuit 22 protects the internal 
circuit 3 0 from ESD current damage. There are a first discharge 
path through NMOS transistor and a second discharge path through 
PMOS transistor in the I/O buffer circuit 22. As well, some NMOS 
transistors and PMOS transistors in the I/O buffer circuit 22 

25 are operated depending on the signals output by the pre-driver 
N circuit 24 and pre-driver P circuit 25, respectively. Because 
the operations of the pre-driver P circuit 25 and the switching 
circuits 27 are similar to the pre-driver N circuit 24 and the 
switching circuits 26, the following description only relates 

30 the pre-driver N circuit 24 and the switching circuits 26 to 
simplify the illustration. 
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FIG. 2 is a block diagram of the I/O buffer circuit 22, the 
pre-driver N circuit 24, and the switching circuits 26 in FIG. 
1. I/O buffer circuit 22 comprises a plurality of NMOS 
transistors (M2 0A, M21A, M22A, and iyi23A) and PMOS transistors 
5 (M20B, M21B, M22B, and M2 3B) . The drains of the NMOS transistors 
are coupled to the corresponding drains of the PMOS transistors, 
and their connection points are coupled to the connection points 
between pad 10 and internal circuit 30. In addition, the sources 
of the NMOS transistors (M20A, M21A, M22A, and M2 3A) are coupled 

10 to ground. The gates of NMOS transistors M2 0A and M21A are 
coupled to ground, and the gates of NMOS transistors M22A and 
M23A are coupled to the output of pre-driver N circuit 24. 
Similarly, the sources of the PMOS transistors (M20B, M21B, 
M22B, and M23B) are coupled to a power source. The gates of PMOS 

15 transistors M2 0B and M21B are coupled to the power source, and 
the gates of PMOS transistors M22B and M23B are coupled to the 
output of pre-driver P circuit 25. 

First switch circuit 2 6 is a NOR logic gate, which outputs 
specific level signals according to the output enable signal OEN 

20 and operation signal SIGNAL. 

The pre-driver N circuit 24 comprises a plurality of NMOS 
transistors and PMOS transistors, which outputs specific level 
signals according to the output level of the first switch circuit 
26. For example, when the first switch circuit 26 outputs high 

25 level signal, pre-driver N circuit 24 outputs high level signal 
to the gates of NMOS transistors M22A and M23A; when the first 
switch circuit 26 outputs low level signal, pre-driver N circuit 
24 outputs low level signal to the gates of NMOS transistors M22A 
and M23A. Moreover, the semiconductor devices use multi- 

30 operation voltages recently, one is used in internal circuit, 
and the other is used in I/O elements. Therefore, the pre-driver 
N circuit 24 further can adjust the voltage level. For example. 
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the first high-level voltage 1 . 8V output by the internal circuit 
is changed by the pre-driver N circuit 24 to the second 
high-level voltage 3.3V to provide to I/O elements. 


5 During an BSD event, the voltage difference between the pad 

10 and ground is higher than the break down voltage of NMOS 
transistor. Therefore, NMOS transistors (M20A, M21A, M22A, and 
M2 3A) are expected to break down at the same time and the ESD 
current is released to ground to prevent the ESD current from 
10 damaging internal circuit 30. 

ly However, the actual operation of the I/O buffer circuit 22 

(I/O elements) does not follow the above description. The reason 
is that the pre-driver N circuit 24 provides high level signal 
□ 15 to the gates of the NMOS transistors M22A and M23A during ESD 
'if, event. Thus, NMOS transistors M22A and M23A will turn on before 

^hI NMOS transistors M2 0A and M21A break down. Therefore, massive 

;i ESD current flows to ground through NMOS transistors M2 2A and 

M2 3A and prevents NMOS transistors M2 0A and M21A from breaking 
20 down, decreasing ESD current discharge ability. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
electrostatic discharge protection device, coupling the gates 

25 of NMOS transistors M20A, M21A, M22A and M23A to the ground level 
when the pad 10 suddenly receives ESD current. Therefore, each 
NMOS transistor will break down at the same time to enhance 
discharge efficiency. Moreover, the discharge paths of ESD 
current are through NMOS transistors M20A, M21A, M22A and M23A 

30 equally, so the amount of ESD current passing through each NMOS 
transistor is decreased and prevent ESD current damaging the MOS 
transistors . 
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The present invention determines the ESD event by detecting 
the voltage value of the power source. The numbers N of the 
diodes 141 have to follow the condition of: 
5 NX Vt ( 0 . 7 ) >Vcc ( core ) 

Therefore, the diodes 141 will not influence normal 
operation outside of ESD events . When an ESD pulse is generated, 
the PN junction of the PMOS transistor is turned on, so the 
voltage value of Vcc is raised. At this time, the voltage value 
•Q 10 of Vcc ( core ) is "Vcc-0 . 7-Nl X (0.7)", Nl represents the numbers 
m of diodes between Vcc (core) and Vcc, which follows the condition 
of ''Nl X (0.7) >Vcc -Vcc (core) " to ensure the diodes remain turned 
^LJ on in normal operation. 

^ Then, the raised Vcc turns on the diode string 441 and high 

^5 15 level signal is output from diode string. Next, the high level 
J4 signal is converted to low level signal by driving circuit and 

□ output to NMOS transistor. Therefore, all gates " of NMOS 

transistors are connected to low level signal and all NMOS 
transistors in I/O buffer circuit 22 break down at the same time. 

20 

To achieve the above-mentioned object, the present 
invention provides an electrostatic discharge protection device 
located between a pad and an internal circuit and coupled to a 
first level signal and a second level signal . The electrostatic 

25 discharge protection device comprises a voltage detecting 
device, a signal converting device, and switches. The voltage 
detecting device detects the voltage level of the first level 
signal, and outputs a detecting result signal when the voltage 
level of the first level signal reaches a first predetermined 

30 value. The signal converting device outputs the second level 
signal wihle receiving the detecting result signal . The first 
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switch has a first controlling gate, and turns on when the 
voltage level of the pad reaches a second predetermined voltage 
level. The second switch has a second controlling gate, and 
turns on and raises the voltage value of the first level signal 
5 when the voltage level of the pad reaches a third predetermined 
voltage level. The third switch has a third controlling gate 
and turns on when the voltage level of the pad reaches the second 
predetermined voltage level and the third controlling gate 
receives the second level signal . 

□ 10 

Y\ BRIEF DESCRIPTION OF THE DRAWINGS 

n The present invention will become more fully understood from 

Jjg the detailed description given hereinbelow and the accompanying 

15 drawings, given by way of illustration only and thus not intended 

yi to be limitative of the present invention. 

\ y 

FIG. 1 is a block diagram of a conventional electrostatic 
discharge protection device. 
20 FIG. 2 is a block diagram of the l/O buffer circuit 22, the 

pre-driver N circuit 24, and the switching circuits 26 in FIG. 
1 . 

FIG. 3 is an architecture diagram of the electrostatic 
discharge protection device according to the embodiment of the 
25 present invent ion . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. 3 is an architectural diagram of the electrostatic 
30 discharge protection device according' to the embodiment of the 
present invention. The electrostatic discharge protection 
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device according to the present embodiment is located between 
a pad 40 and an internal circuit 42. 

The voltage detecting device 44 detects the voltage level 
of the third level signal Vcc{core) . In the present embodiment, 
5 the voltage detecting device 44 comprises at least one serial 
diodes (diode string) 441. The number of diodes is determinated 
according to the voltage level of the third level signal 
Vcc(core) . That is, the turn-on voltage of the diode string 441 
must be larger than Vcc(core) during normal operation. 

10 Therefore, in normal operation, the detecting result signal 
output by the voltage detecting device 44 is low level signal. 
For example, if the turn-on voltage of a single diode is 0.7V 
and the third level signal Vcc(core) is 1.2V, the number of 
serial diodes must be more than two (0.7x 2 = 1.4>1.2) . 

15 Therefore, the diode string 441 outputs low level signal. 

When the third level signal Vcc (core) is raised by ESD 
current and reaches a predetermined level (6V for example) , 
higher than the turn-on voltage of the diode string 441, the 
diode string 441 turns on and outputs a detecting result signal 

20 with high level to switching circuit 46. 

In the present embodiment, the switching circuit 46 is a 
NOR logic gate. No matter what level of output enable signal 
OEN and operation signal SIGNAL is, the switching circuit 4 6 
outputs ground level signal to driving circuit 48 when the 

25 detecting result signal is in low level. 

The driving circuit 48 comprises a plurality of NMOS 
transistors and PMOS transistors, which outputs specific level 
signals according to the output level of the switching circuit 
46. For example, when the switching circuit 46 outputs high 

30 level signal, driving circuit 4 8 outputs high level signal to 
the gates of NMOS transistors M52A and M53A; when the switching 
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circuit 46 outputs low level signal, driving circuit 48 outputs 
low level signal to the gates of NMOS transistors M52A and M53A, 
Moreover, the semiconductor devices use multi -operation 
voltages recently, the driving circuit 48 further can adjust the 
5 voltage level. For example, the first high-level voltage 1.8V 
output by the internal circuit is changed by the driving circuit 
48 to the second high-level voltage 3 . 3V to provide to I/O buffer 
circuit . 

The I/O buffer circuit 50 comprises a plurality of NMOS 
W 10 transistors (M50A, M51A, M52A, and M53A) and PMOS transistors 
(M50B, M51B, M52B, and M53B) . The drains of the NNOS transistors 
t]\ are coupled to the corresponding drains of the PMOS transistors, 

yl and their connection points are coupled to the connection points 

. between pad 4 0 and internal circuit 42 . In addition, the sources 
:^ 15 of the MMOS transistors (M50A, M51A, M52A, and M5 3A) are coupled 
y3 to ground. The gates of NMOS transistors M50A and M51A are 

coupled to ground, and the gates of NMOS transistors M52A and 
!==J M53A are coupled to the output of driving circuit 48. Similarly, 

the sources of the PMOS transistors (M50B, M52B, M52B, and M53B) 
20 are coupled to power source. 

As mentioned above, the gates (first controlling gate) of 
NMOS transistors M50A and M51A (first switch ) are coupled to 
ground. NMOS transistors M5 0A and M51A are turned on when the 

25 voltage level of pad 40 reaches the second predetermined voltage 
level, the break down voltage of NMOS transistor. PMOS 
transistors (M50B, M51B, M52B, and M53B, second switch) are 
connected to the connection point between pad 4 0 and internal 
circuit 42, and comprise a first controlling gate connected to 

30 the power source. When the voltage level of pad 40 reaches the 
second predetermined voltage level, which makes PN junction of 
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PMOS transistor turn on, the voltage level of power source is 
raised . 

The gates (third controlling gate) of NMOS transistors M52A 
and M53A (third switch) are coupled to driving circuit 48. When 
the voltage level of pad 4 0 reaches the second predetermined 
voltage level, the gates of NMOS transistors M52A and M53A are 
coupled to a low level signal output by driving circuit 48, 
therefore, the NMOS transistors M52A and M53A and NMOS 
transistors M50A and M51A break down at the same time. 

According to the electrostatic discharge protection device 
of the present invention, when the I/O buffer circuit 50 receives 
a large ESD current, the PN junctions of PMOS transistors (M50B, 
M51B, M52B, and M53B) are turned on and raise first level signal 
(Vcc) . At this time, the third level signal Vcc (core) is raised 
with first level signal. When the third level signal Vcc (core) 
reaches a specific value (6V as example) , the voltage difference 
between pad 4 0 and ground, attains the break down voltage of PMOS 
transistor. Therefore, the diode string 441 in the voltage 
detecting device 44 is turned on then outputs a high level 
signal. The high level signal is converted to low level signal 
and provided to the gates of NMOS transistors M52A and M53A 
through switching circuit 46 and driving circuit 48. Therefore, 
the gates of NMOS transistors (M50A, M51A, M52A, and M53A) are 
all coupled to low level signal. In this condition, the NMOs 
transistors (M50A, M51A, M52A, and M53A) will break down at the 
same time to discharge ESD current while the voltage difference 
between pad 4 0 and ground reach the break down voltage of the 
PMOS transistor. 

Accordingly, the present invention assures that the NMOS 
transistors of I/O buffer circuit 50 are turned on at the same 



time, enhancing discharge efficiency. Moreover, the discharge 
paths of ESD current move through all NMOS transistors I/O buffer 
circuit 50 equally, so the amount of ESD current passing through 
each NMOS transistor is decreased and prevents the MOS 
5 transistors from damage by ESD current . 

The foregoing description of the preferred embodiments of 
this invention has been presented for purposes of illustration 
and description. Obvious modifications or variations are 

10 possible in light of the above teaching. The embodiments were 
chosen and described to provide the best illustration of the 
principles of this invention and its practical application to 
thereby enable those. skilled in the art to utilize the invention 
in various embodiments and with various modifications as are 

15 suited to the particular use contemplated. All such 

modifications and variations are within the scope of the present 
invention as determined by the appended claims when interpreted 
in accordance with the breadth to which they are fairly, legally, 
and equitably entitled, 

20 
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